Energy is an essential factor in overall efforts to achieve sustainable development. Countries striving to this end are seeking to reassess their energy systems with a view toward planning energy programs and strategies in line with sustainable development goals and objectives. Turkey's demand for energy and electricity is increasing rapidly. Since 1990, energy consumption has increased at an annual average rate of 4.3%. Turkey is heavily dependent on expensive imported energy resources that place a big burden on the economy and air pollution is becoming a great environmental concern in the country. As would be expected, the rapid expansion of energy production and consumption has brought with it a wide range of environmental issues at the local, regional and global levels. With respect to global environmental issues, Turkey's carbon dioxide (CO 2 ) emissions have grown along with its energy consumption. States have played a leading role in protecting the environment by reducing emissions of greenhouse gases (GHGs). In this regard, renewable energy resources appear to be the one of the most efficient and effective solutions for clean and sustainable energy development in Turkey. Turkey's geographical location has several advantages for extensive use of most of these renewable energy sources. This article presents a review of the potential and utilization of the renewable energy sources in Turkey.
INTRODUCTION
Energy is essential to economic and social development and improved quality of life in all countries as in case of Turkey. Much of the world's energy, however, is currently produced and consumed in ways that could not be sustained if technology were to remain constant and if overall quantities were to increase substantially. The need to control atmospheric emissions of greenhouse and other gases and substances will Policy can be locally, nationally or internationally oriented and can address issues such as sustainable development, climate change, air, water, waste, health, etc. For example, the European Commission proposed Declaration on Guiding Principles for Sustainable Development [10] . The term policy is closely related to environmental legislation.
There exist many international documents, frameworks and declarations, designed to foster sustainable development at all levels and to help society to make progress toward sustainable development. The Agenda 21 and the Rio Declaration on Environment and Development were adopted by more than 178 Governments at the United Nations Conference on Environment and Development (UNCED) held in Rio de Janerio in 1992. Agenda 21 is a comprehensive plan of action to be taken globally, nationally and locally by organizations of the United Nations System, governments, and major groups in every area in which humans have impact upon the environment, while The Melbourne Principles present a vision of sustainable cities, and have been developed to assist cities to achieve sustainable development. The Melbourne Principles provide a simple set of statements on how a sustainable city should function [9] .
GLOBAL RENEWABLE ENERGY SOURCES
Renewable energy accounted for over 13% of world primary energy supply in 2004 (Table 1) , including traditional biomass and waste (8-11%), large hydro-electricity (2.3%), and other 'new' renewables (2.0%). Under the business-as-usual case of continued growing energy demand, renewables are not expected to greatly increase their market share over the next few decades without continued and sustained policy intervention. For example, IEA [11] projected in the Reference scenario that renewables will have dropped to a 13.7 % share of global primary energy (20 % of electricity) in 2030 or under the Alternative Policy scenario will have risen to 16.2 % (25.3 % of electricity). Table 2 shows potential and status for renewables.
Hydroelectricity
Large hydroelectricity systems accounted for over 2800 TWh of consumer energy in 2004 [12] and provided 16% of global electricity. Hydro projects under construction could increase the share of electricity by about 4.5% on completion [13] and new projects could be deployed to provide a further 6000 TWh/yr or more of electricity economically [11, 14] , mainly in developing countries. Repowering existing plants with more powerful and efficient turbine designs can be cost effective whatever the plant scale. Where hydro expansion is occurring, particularly in China and India, major social disruptions, ecological impacts on existing river ecosystems and fisheries and related evaporative water losses are stimulating public opposition. These and environmental concerns may mean that obtaining resource permits is a constraint.
Small and micro hydropower systems, usually run-of-river schemes, have provided electricity to many rural communities in developing countries such as Nepal. Their present generation output is uncertain with predictions ranging from 4 TWh/yr [13] to 9% of total hydropower output at 250 TWh/yr [15] . The global technical potential of small and micro hydro is around 150-200 GW with many unexploited resource sites available. About 75% of water reservoirs in the world were built for irrigation, flood control and urban water-supply schemes and many could have small hydropower generation retrofits added. Generating costs range from 20 to 90 US$/MWh but with additional costs needed for power connection and distribution. These costs can be prohibitive in remote areas, even for mini-grids, and some form of financial assistance from aid programs or governments is often necessary.
Whether or not large hydro systems bring benefits to the poorest has also been questioned. The multiple benefits of hydro-electricity, including irrigation and watersupply resource creation, rapid response to grid-demand fluctuations due to peaks or intermittent renewables, recreational lakes and flood control, need to be taken into account for any given development. Several sustainability guidelines and an assessment protocol have been produced by the industry [16, 17] .
Wind
Wind provided around 0.5% of the total 17,408 TWh global electricity production in 2004 [11] but its technical potential greatly exceeds this [13, 18] . Installed capacity increased from 2.3 GW in 1991 to 59.3 GW at the end of 2005 when it generated 119 TWh at an average capacity factor of around 23%. New wind installation capacity has grown at an average of 28% per year since 2000, with a record 40% increase in 2005 [19] due to lower costs, greater government support through feed-in tariff and renewable energy certificate policies, and improved technology development. Total offshore wind capacity reached 679 MW at the end of 2005 [19] , with the expectation that it will grow rapidly due to higher mean annual wind-speed conditions offsetting the higher costs and public resistance being less. Various best-practices guidelines have been produced and issues such as noise, electromagnetic (EMF) interference, airline flight paths, land-use, protection of areas with high landscape value, and bird and bat strike, are better understood but remain constraints. Most bird species exhibit an avoidance reaction to wind turbines, which reduces the probability of collision [20] .
The average size of wind turbines has increased in the last 25 years from less than 50 kW in the early 1980s to the largest commercially available in 2006 at around 5 MW and having a rotor diameter of over 120 m. The average turbine size being sold in 2006 was around 1.6-2 MW but there is also a market for smaller turbines <100 kW. In Denmark, wind energy accounted for 18.5% of electricity generation in 2004, and 25% in West Denmark where 2.4 GW is installed, giving the highest generation per capita in the world [18, 19] .
Capital costs for land-based wind turbines can be below 900 US$/kW with 25% for the tower and 75% for the rotor and nacelle, although price increases have occurred due to supply shortages and increases in steel prices. Total costs of an onshore wind farm range from 1000-1400 US$/kW, depending on location, road access, proximity to load, etc. Operation and maintenance costs vary from 1% of investment costs in year one, rising to 4.5% after 15 years. This means that on good sites with low surface roughness and capacity factors exceeding 35%, power can be generated for around 30-50 US$/MWh [21] .
A global study of 7500 surface stations showed mean annual wind speeds at 80 m above ground exceeded 6.9 m/s with most potential found in Northern Europe along the North Sea, the southern tip of South America, Tasmania, the Great Lakes region, and the northeastern and western coasts of Canada and the US. A technical potential of 72 TW installed global capacity at 20% average capacity factor would generate 126,000 TWh/yr. This is five times the assumed global production of electricity in 2030 [11, 22] .
Biomass and bioenergy
Biomass continues to be the world's major source of food, stock fodder and fibre as well as a renewable resource of hydrocarbons for use as a source of heat, electricity, liquid fuels and chemicals. Woody biomass and straw can be used as materials, which can be recycled for energy at the end of their life. Biomass sources include forest, agricultural and livestock residues, short-rotation forest plantations, dedicated herbaceous energy crops, the organic component of municipal solid waste (MSW), and other organic waste streams. These are used as feedstocks to produce energy carriers in the form of solid fuels, liquid fuels, gaseous fuels, electricity and heat [22] [23] [24] .
Bioenergy carriers range from a simple firewood log to a highly refined gaseous fuel or liquid biofuel. Different biomass products suit different situations and specific objectives for using biomass are affected by the quantity, quality and cost of feedstock available, location of the consumers, type and value of energy services required, and the specific co-products or benefits [22] . Prior to conversion, biomass feedstocks tend to have lower energy density per volume or mass compared with equivalent fossil fuels. This makes collection, transport, storage and handling more costly per unit of energy [23] . These costs can be minimized if the biomass can be sourced from a location where it is already concentrated, such as wood-processing residues or sugar plant [24] .
Globally, biomass currently provides around 46 EJ of bioenergy in the form of combustible biomass and wastes, liquid biofuels, renewable MSW, solid biomass/charcoal, and gaseous fuels. This share is estimated to be over 10% of global primary energy, but with over two thirds consumed in developing countries as traditional biomass for household use [11] . Around 8.6 EJ/yr of modern biomass is used for heat and power generation. Conversion is based on inefficient combustion, often combined with significant local and indoor air pollution and unsustainable use of biomass resources such as native vegetation [24] .
A wide range of conversion technologies is under continuous development to produce bioenergy carriers for both small-and large-scale applications. Organic residues and wastes are often cost-effective feedstocks for bioenergy conversion plants, resulting in niche markets for forest, food processing and other industries. Industrial use of biomass in OECD countries was 5.6 EJ in 2002 [25] , mainly in the form of black liquor in pulp mills, biogas in food processing plants, and bark, sawdust, rice husks etc. in process heat boilers.
The use of biomass, particularly sugarcane bagasse, for cogeneration (CHP) and industrial, domestic and district heating continues to expand [26] . Combustion for heat and steam generation remains state of the art, but advancing technologies include second-generation biofuels, biomass integrated-gasification combined-cycle (BIGCC), co-firing, and pyrolysis. Many are close to commercial maturity but awaiting further technical breakthroughs and demonstrations to increase efficiency and further bring down costs [27] .
Geothermal
Geothermal resources from low-enthalpy fields located in sedimentary basins of geologically stable platforms have long been used for direct heat extraction for building and district heating, industrial processing, domestic water and space heating, leisure and balneotherapy applications. High-quality high-enthalpy fields where temperatures are above 250ºC allow for direct electricity production using binary power plants, organic Rankin-cycle systems or steam turbines. Plant capacity factors range from 40 to 95%, with some therefore suitable for base load. Useful heat and power produced globally is around 2 EJ/yr [28] .
Fields of natural steam are rare. Most are a mixture of steam and hot water requiring single-or double-flash systems to separate out the hot water, which can then be used in binary plants or for direct use of the heat [26] . Binary systems have become state-of-theart technologies but often with additional cost. Sustainability concerns relating to land subsidence, heat-extraction rates exceeding natural replenishment, chemical pollution of waterways, and associated CO 2 emissions have resulted in some geothermal powerplant permits being declined [24] . This could be partly overcome by re-injection techniques. Deeper drilling up to 8 km to reach molten rock magma resources may become cost effective in future. Deeper drilling technology could also help to develop widely abundant hot dry rocks where water is injected into artificially fractured rocks and heat extracted as steam. Pilot schemes exist but tend not to be cost effective at this stage. In addition, the growth of ground-to-air heat pumps for heating buildings is expected to increase [29, 30] .
Operating costs increase if CO 2 emissions released either entail a carbon charge. Several advanced energy-conversion technologies are becoming available to enhance the use of geothermal heat, including combined-cycle for steam resources, trilateral cycles for binary total-flow resources, remote detection of hot zones during exploration, absorption-regeneration cycles and improved power-generation technologies. Improvements in characterizing underground reservoirs, low-cost drilling techniques, more efficient conversion systems and utilization of deeper reservoirs are expected to improve the uptake of geothermal resources as will a decline in the market value for extractable co-products such as silica, zinc, manganese and lithium [29, 30] .
Solar thermal electric
The proportion of solar radiation that reaches the Earth's surface is more than 10,000 times the current annual global energy consumption. Annual surface insolation varies with latitude, ranging between averages of 1000 W/m 2 in temperate regions and 1200 W/m 2 in low-latitude dry desert areas. Concentrating solar power (CSP) plants are categorized according to whether the solar flux is concentrated by parabolic trough-shaped mirror reflectors, central tower receivers requiring numerous heliostats, or parabolic dish-shaped reflectors. The receivers transfer the solar heat to a working fluid, which, in turn, transfers it to a thermal power-conversion system based on Rankine, Brayton, combined or Stirling cycles. To give a secure and reliable supply with capacity factors at around 50% rising to 70% by 2020 [31] , solar intermittency problems can be overcome by using supplementary energy from associated natural gas, coal or bioenergy systems [32] as well as by storing surplus heat.
Solar thermal power-generating plants are best sited at lower latitudes in areas receiving high levels of direct insolation. In these areas, 1.0 km 2 of land is enough to generate around 125 GWh/yr from a 50 MW plant at 10% conversion of solar energy to electricity. Thus about 1% of the world's desert areas (240,000 km2) if linked to demand centers by high-voltage DC cables, could, in theory, be sufficient to meet total global electricity demand as forecast out to 2030. CSP could also be linked with desalination in these regions or used to produce hydrogen fuel or metals [11, 24] .
Solar photovoltaic (PV)
Electricity generated directly by utilizing solar photons to create free electrons in a PV cell is estimated to have a technical potential of at least 450,000 TWh/yr [13, 33] . However, realizing this potential will be severely limited by land, energy-storage and investment constraints. Estimates of current global installed peak capacity vary widely, including 2,400 MW [34] ; 4,000MW generating more than 21 TWh [26] and 5,000 MW [35] . Half the potential may be grid-connected, primarily in Germany, Japan and California, and grow at annual rates of 50-60% in contrast to more modest rates of 15-20% for off-grid PV. Expansion is taking place at around 30% per year in developing countries where around 20% of all new global PV capacity was installed in 2004, mainly in rural areas where grid electricity is either not available or unreliable [29] . Decentralized generation by solar PV is already economically feasible for villages with long distances to a distribution grid and where providing basic lighting and radio is socially desirable. Annual PV module production grew from 740 MW in 2003 to 1700 MW in 2005, with new manufacturing plant capacity built to meet growing demand [26] . Japan is the world market leader, producing over half the present annual production [36] .
Most commercially available solar PV modules are based on crystalline silicon cells with monocrystalline at up to 18% efficiency, having 33.2% of the market share. Polycrystalline cells at up to 15% efficiency are cheaper per Wp (peak Watt) and have 56.3% market share. Modules costing 3-4 US$/Wp can be installed for around 6-7 US$/Wp from which electricity can be generated for around 250 US$/MWh in high sunshine regions. Cost reductions are expected to continue [4] , partly depending on the future world price for silicon; solarcell efficiency improvements as a result of R&D investment; mass production of solar panels and learning through project experience [36] .
Thinner cell materials have prospects for cost reduction, including thin-film silicon cells, thin-film copper indium diselenide cells, photochemical cells and polymer cells [30] . Commercial thin-film cells have efficiencies up to 8%, but 10-12% should be feasible within the next few years. Experimental multilayer cells have reached higher efficiencies but their cost remains high. Work to reduce the cost of manufacturing, using low-cost polymer materials, and developing new materials such as quantum dots and nano-structures, could allow the solar resource to be more fully exploited. Combining solar thermal and PV power generation systems into one unit has good potential as using the heat produced from cooling the PV cells would make it more efficient [37] .
Solar heating and cooling
Solar heating and cooling of buildings can reduce conventional fuel consumption and reduce peak electricity loads. Buildings can be designed to use efficient solar collection for passive space heating and cooling, active heating of water and space using glazed and circulating fluid collectors, and active cooling using absorption chillers or desiccant regeneration [30] .
Active systems of capturing solar energy for direct heat are used mainly in smallscale, low-temperature, domestic hot water installations; heating of building space; swimming pools; crop drying; cook stoves; industrial processes; desalination plants and solar-assisted district heating. The estimated annual global solar thermal-collector yield of domestic hot water systems alone is around 80 TWh (0.3 EJ) with the installations growing by 20% per year. Annual solar thermal energy use depends on the area of collectors in operation, the solar radiation levels available and the technologies used including both unglazed and glazed systems. Unglazed collectors, mainly used to heat swimming pools in the USA and Europe, represented about 28 million m 2 in 2003 [24] [25] [26] . More than 130 million m 2 of glazed collector area was installed worldwide by the end of 2003 to provide around 0.5 EJ of heat from around 91 GWth capacity [38] . In 2005, around 125 million m 2 (88 GW th ) of active solar hot water collectors existed, excluding swimming pool heating [26] . China is the world's largest market for glazed domestic solar hot-water systems with 80% of annual global installations and existing capacity of 79 million m 2 (55 GWth) at the end of 2005. Most new installations in China are now evacuated-tube in contrast with Europe, where most collectors are flatplate [39] . Domestic solar hot-water systems are also expanding rapidly in other developing countries. Estimated annual energy yields for glazed flat-plate collectors range between 400 kWh/m 2 in Germany and 1000 kWh/m 2 in Israel [30] . In Austria, annual solar yields were estimated to be 300 kWh/m 2 for unglazed, 350 kWh/m 2 for flat-plate, and 550 kWh/m 2 for evacuated tube collectors [38] . The retail price for a solar water heater unit for a family home differs with location and any government support schemes. Installed costs range from around 700 US$ in Greece for a thermosiphon system with a 2.4 m 2 collector and 150 L tank, to 2300 US$ in Germany for a pumped system with antifreeze device. Systems manufactured in China are typically 200-300 US$ each.
Ocean energy
The potential marine-energy resource of wind-driven waves, gravitational tidal ranges, thermal gradients between warm surface water and colder water at depths of >1000 m, salinity gradients, and marine currents is huge [33] , but what is exploitable as the economic potential is low. All the related technologies are at an early stage of development with the only two commercial wave-power projects totalling 750 kW. To combat the harsh environment, installed costs are usually high. The marine-energy industry is now in a similar stage of development to the wind industry in the 1980s.
The best wave-energy climates have deepwater power densities of 60-70 kW/m but fall to about 20 kW/m at the foreshore. Around 2% of the world's 800,000 km of coastline exceeds 30 kW/m, giving a technical potential of around 500 GW assuming offshore wave-energy devices have 40% efficiency. The total economic potential is estimated to be well below this with generating cost estimates around 80-110 US$/MWh highly uncertain, since no truly commercial scale plant exists [13, 30] .
Extracting electrical energy from marine currents could yield in excess of 10 TWh/yr (0.4 EJ/yr) if major estuaries with large tidal fluctuations could be tapped, but cost estimates range from 450-1350 US$/MWh [40] . A 1.0 km-stretch of permanent turbines built in the Agulhas current off the coast of South Africa, for example, could give 100 MW of power. However, environmental effects on tidal mud flats, wading birds, invertebrates etc. would need careful analysis. In order for these new technologies to enter the market, sustained government and public support is needed [24] .
ENERGY UTILIZATION IN TURKEY
Turkey is an energy importing country; more than half of the energy requirement has been supplied by imports. Oil has the biggest share in total primary energy consumption. Due to the diversification efforts of energy sources, use of natural gas that was newly introduced into Turkish economy, has been growing rapidly. Turkey has large reserves of coal, particularly of lignite. The proven lignite reserves are 8.0 billion tons (Table 3) . The estimated total possible reserves are 30 billion tons. Turkey, with its young population and growing energy demand per person, its fast growing urbanization, and its economic development, has been one of the fast growing power markets of the world for the last two decades (see Figs. 1-2) . It is expected that the demand for electric energy in Turkey will be 300 billion kWh by the year 2010 and 580 billion kWh by the year 2020. Turkey's electric energy demand is growing about 6-8% yearly due to fast economic growing [41] [42] [43] [44] [45] [46] .
In 2005, primary energy production and consumption has reached 28 and 96 million tons of oil equivalent (Mtoe) respectively (Table 4 and 5). The most significant developments in production are observed in hydropower, geothermal, solar energy and coal production. Turkey's use of hydropower, geothermal and solar thermal energy has increased since 1990. However, the total share of renewables in total primary energy supply (TPES) has declined, owing to the declining use of non-commercial biomass and the growing role of natural gas in the system. Turkey has recently announced that it will reopen its nuclear programme in order to respond to the growing electricity demand while avoiding increasing dependence on energy imports. On the other hand, as of the end of 2005, installed capacity and generation capacity of power plants reached 41 [41] [42] [43] . On the other hand, gas accounted for 43.8% of total electricity generation in 2005, coal 26.58% and oil at about 5%. Hydropower is the main indigenous source for electricity production and represented 25% of total generation in 2005. Hydropower declined significantly relative to 2000 due to lower electricity demand and to take-or-pay contracts in the natural gas market [41, 42] .
RENEWABLE ENERGY IN TURKEY
Renewable energy supply in Turkey is dominated by hydropower and biomass, but environmental and scarcity-of-supply concerns have led to a decline in biomass use, mainly for residential heating. Total renewable energy supply declined from 1990 to 2004, due to a decrease in biomass supply. As a result, the composition of renewable energy supply has changed and wind power is beginning to claim market share. As a contributor of air pollution and deforestation, the share of biomass in the renewable energy share is expected to decrease with the expansion of other renewable energy sources. Table 6 and 7 shows renewable energy supply and projections for future in Turkey, respectively [41] [42] [43] .
Turkey is to be the recipient of a US$ 202 million renewable energy loan provided by the World Bank to be disbursed as loans via financial intermediaries to interested investors in building renewable energy sourced electricity generation. These loans are expected to finance 30-40% of associated capital costs. The aim of the Renewable Energy Program is to increase privately-owned and operated power generation from renewables sources within a market-based framework, which is being implemented in accordance with the Electricity Market Law and the Electricity Sector Reform Strategy. This program will assist the Directorate of the Ministry of Energy and Natural Resources (MENR) in the preparation of a renewable energy law, as well as to define the required changes and modifications related to legislation such as the Electricity Market Law to better accommodate greater private sector involvement [41] [42] [43] [44] [45] [46] [47] .
Hydropower
There are 436 sites available for hydroelectric plant construction, distributed on 26 main river zones. The total gross potential and total energy production capacity of these sites are nearly 50 GW and 112 TWh/yr, respectively and about 30% of the total gross potential may be economically exploitable. At present, only about 35 % of the total hydroelectric power potential is in operation. The national development plan aims to harvest all of the hydroelectric potential by 2010. The contribution of small hydroelectric plants to total electricity generation is estimated to be % 5-10 [42, 43, 47, 48] . On the other hand, the Southeastern Anatolia Project (GAP) is one of the largest power generating, irrigation, and development projects of its kind in the world, covering 3 million ha of agricultural land. This is over 10 % of the cultivable land in Turkey; the land to be irrigated is more than half of the presently irrigated are in Turkey. The GAP project on the Euphrates and Tıgris Rivers encompasses 22 dams and 19 hydroelectric power plants. Once completed, 27 billion kwh of electricity will be generated and irrigating 1.7 million hectares [49, 50] .
Biomass
Among the renewable energy sources, biomass is important because its share of total energy consumption is still high in Turkey. Since 1980, the contribution of the biomass resources in the total energy consumption dropped from 20 to 8 % in 2005. Biomass in the forms of fuelwood and animal wastes is the main fuel for heating and cooking in many urban and rural areas [51] [52] [53] [54] [55] . The total recoverable bioenergy potential is estimated to be about 35.4 mtoe in 2003. The estimate is based on the recoverable energy potential from the main agricultural residues, livestock farming wastes, forestry and wood processing residues, and municipal wastes that given in the literature [55] .
Using vegetable oils as fuel alternatives has economic, environmental, and energy benefits for Turkey. Vegetable oils have heat contents approximately 90% of that of diesel fuel. A major obstacle deterring their use in the direct-injection engine is their inherent high viscosities, which are nearly ten times that of diesel fuel. The overall evaluation of the results indicated that these oils and biodiesel can be proposed as possible candidates for fuel [52, 53] . Organic wastes are of vital importance for the soil, but in Turkey most of these organic wastes are used as fuel through direct combustion. Animal wastes are mixed with straw to increase the calorific value, and are then dried for use. This is the principal fuel of many villages in rural region of Turkey, especially in mountainous regions [41] [42] [43] [44] .
Turkey is a developing country with rich agricultural potential, but the amount of utilization is very low. In agricultural residues, the total residues amount calculated in dry base has been measured approximately between 40-53 million tons [52] [53] [54] . If it is accepted that 80% of cereal can be used and its average humidity rate is 15%, then the total amount of agricultural residues used in power plant would be as the average between 30-35 million tons. As the average energy equivalent of agricultural residues is 17.5 MJ/kg, then the annual energy equivalent of agricultural residues is varies from 450 PJ to 600 PJ [53] .
Biogas systems are considered to be strong alternatives to the traditional space heating systems in rural Turkey. The economic of biogas systems are compared with traditional heating systems fuelled by wood, coal and wood mixture, and dried animal waste in three different climatic regions in the country. The technical data used in the analysis are based on the experimental results. Seven different comparisons are made between the biogas and traditional systems. The payback periods, cumulated life-cycle savings and the cost of biogas are calculated for a wide range using two unstable economic parameters, discount and inflation rates. The quality of the model and the assumptions are discussed. The results provide evidence of the economic viability of biogas systems over the traditional space heating systems of rural Turkey in many instances [41] [42] [43] [44] [45] [46] .
Geothermal energy
Turkey is one of the countries with significant potential in geothermal energy and there may exist about 4500 MW of geothermal energy usable for electrical power generation in high enthalpy zones. Heating capacity in the country runs at 350 MWt equivalent to 50,000 households. These numbers can be heightened some seven-fold to 2,250 MWt equal to 350, 000 households through a proven and exhaustible potential. Turkey must target 1.2 million house holds equivalent 7,700 MWt. Geothermal central heating, which is less costly than natural gas could be feasible for many regions in the country. In addition 31,000 MW of geothermal energy potential is estimated for direct use in thermal applications. The total geothermal energy potential of Turkey is about 2,268 MW in 1998, but the share of geothermal energy production, both for electrical and thermal uses is only 1,229 MW. There are 26 geothermal district heating systems exists now and main city geothermal district heating systems are in Gönen, Simav and Kır_ehir cities [56] [57] [58] [59] [60] .
Solar energy
Turkey lies in a sunny belt between 36 o and 42 o N latitudes. The yearly average solar radiation is 3.6 kWh/m 2 -day and the total yearly radiation period is approximately 2640 hour, which is sufficient to provide adequate energy for solar thermal applications. In spite of this high potential, solar energy is not now widely used, except for flat-plate solar collectors. They are only used for domestic hot water production, mostly in the sunny coastal regions. In 2005, about total 8.0 million m 2 solar collectors were produced and it is predicted that total solar energy production is about 0.390 Mtoe in 2005 [42] . The global solar radiation incident on horizontal surface and bring sunshine hours are measured by all recording stations in Turkey. Solar radiation calculations have been performed by several researchers for Turkey that given in the literature [61] [62] [63] [64] [65] [66] [67] [68] [69] .
Although solar energy is the most important renewable energy source it has not yet become widely commercial even in nations with high solar potential such as Turkey. Typical solar water heaters in Turkey are of the thermosyphon type and consists of two flat-plate solar collectors, a hot storage tank and a cold water storage tank, all installed on a suitable frame. The cold-water tank is used to store water because, due to shortage problems, the supply is intermittent. There are quite a large number of different manufacturers producing collectors with varying types and performances [42, 70] .
The energy consumption for heating and cooling of buildings in Turkey was about 20 Mtoe for the year 2004 [45] . This is more than one third of the total energy consumption. The average household in Turkey needs more that 60 % of its total energy consumption for space heating. The cooling demand in buildings increased rapidly in south region of the country at the summer season. The reason, beside general climatic and architectural boundary conditions, is an increase in the internal cooling load and higher comfort requirements. These aspects show the huge potential in this field for the implementation of advanced thermal energy storage technologies in Turkey [42, 70] .
Turkey, currently, does not have an organized photovoltaic (PV) program. Government has no intention in PV production. PV cells are produced in various research establishments in order to study the feasibility of local manufacturing. So far none of these studies yielded a positive result in order to justify a mass production facility in Turkey. There are more than 30,000 small residential areas where solar powered electricity would likely be more economical than grid supply. Another potential for PV market is holiday villages at the long coastal areas. These facilities are frequently far from the main grid nodes and require additional power when solar insolation is high. Unfortunately energy demand in Turkey is so large that utilities are concentrating on large conventional power plants and peak load facilities. The newest five years development plan, being prepared, foresees a more ambitious program and estimates approximately 50 MWp installed power by the year 2010 [41] [42] [43] [44] 70] .
Wind Energy
There are a number of cities in Turkey with relatively high wind speeds. These have been classified into six wind regions, with a low of about 3.5 m/s and a high of 5 m/s at 10 m altitude, corresponding to a theoretical power production between 1000 and 3000 kWh/(m2.yr) . The most attractive sites are the Marmara Sea region, Mediterranean Coast, Agean Sea Coast, and the Anatolia inland. Turkey's first wind farm was commissioned in 1998, and has a capacity of 1.5 MW. Capacity is likely to grow rapidly, as plans have been submitted for just under a further 600 MW of independent facilities. At start 2007, total installed wind energy capacity of Turkey is only 80 MW. The majority of proposed projects are located in the Çes ,me, I
. zmir and Çanakkale regions. Electrical power resources survey and development administration (EIE) carries out wind measurements at various locations to evaluate wind energy potential over the country, and have started to compile a wing energy atlas [70] [71] [72] [73] .
SUSTAINABLE DEVELOPMENT IN TURKEY
There is a growing concern that long-run sustainable development may be compromised unless measures are taken to achieve balance between economic, environmental and social outcomes. This section looks at three specific issues of sustainable development that are of particular importance for Turkey: addressing climate change, reducing air pollution and ensuing sustainable use of natural resources. In each case, indicators are presented to measure progress and the evolution of potential problems, and an assessment is made of government policies in that area. The section also considers whether institutional arrangements are in place to integrate policy-making across the different elements of sustainable development.
Climate change
Turkey is a rapidly growing country whose income level is moving towards that of the rest of the OECD area. This catch-up process has been associated with a rapid growth of greenhouse gas emissions. Nonetheless, carbon emissions from any country contribute equally to the pressure on the global climate. Consequently, the major issue facing policy makers is how to contribute to reducing the burden on global resources at a low cost and without jeopardizing the rapid growth of the economy [43] .
Economy-wide greenhouse gas emissions from fuel combustion jumped 65% in the 1990s, in contrast to the more modest growth in the rest of the OECD area. Although Turkey has been growing more rapidly than the rest of the OECD area, the principal reason for the relatively rapid growth in emissions has been the very different evolution in the greenhouse gas intensity of the economy generated both by an increase in the use of energy per unit of output and an increase in GHG emissions per unit of energy supplied from renewable sources such as wood, animal waste, hydroelectricity and geo-thermal energy. However, despite the more rapid growth of economy-wide greenhouse gas intensity, by 2000 carbon dioxide emissions per unit of GDP were similar to the average in the OECD area [41, 43, [74] [75] [76] [77] .
The Turkish government is now in the process of developing a strategy to reduce the growth of greenhouse gases. This strategy will be elaborated in the context of Turkey's adhesion to the United Nations Framework Convention on Climate Change (UNFCCC). Turkey passed the national legislation to ratify the convention in January 2004 and adhesion will take effect in May. Following adhesion, Turkey will have the obligation to implement measures and polices to mitigate greenhouse gas emissions but will not be required to meet a specific greenhouse gas emission target. Turkey will submit its first national communication to the UNFCCC by the end of 2004, including the measures that it proposes to take to limit emissions. This document will draw on existing policies as outlined in the 8 th Five Year Development Plan that contained a number of proposals to limit the growth of emissions [41] .
Turkey shares a number of features with some other OECD countries that suggests it would be possible to considerably moderate the growth of greenhouse gases with little or even no cost. The proportion of energy derived from carbon-intensive coal and lignite is one of the highest in the OECD area, reflecting ample reserves of lignite, while a completely liberalized market in natural gas has not existed [43] . Most greenhouse gas emissions in Turkey come from electricity generation sector that has been a largely state-owned industry operating under non-commercial criteria. Subsidies have been growing following a government decision to expand the industry in the late 1990s after a period of cutbacks in employment and output. The import of natural gas has been controlled by another state-owned enterprise that makes all contracts for the import of gas. Currently, consumer prices are held low because the government has to pay for certain imported gas whether it is used or not and also in order to encourage households to convert to gas [41, 42] .
The privatization of the electricity companies will also result in new pricing policies. At present, demand for electricity is boosted by a high level of what is called "non-technical" system losses. In practice, this phrase refers both to electricity that is consumed through illegal connections to the network and non-payment of bills. Overall, a significant proportion of electricity is provided without charge. The new distribution companies will need to invest in new metering systems to ensure that these practices end. The problem may be difficult to settle, in that the new distribution companies have different profiles of losses, with illegal consumption rising to 50% in some areas. Enforcing normal contract discipline, though, would further add to the decoupling of carbon emissions form GDP growth [74, 75] .
While fossil fuels are likely to become less carbon intensive, the supply of renewable energy is unlikely to keep pace with the growth in the economy. First, consumers are likely to switch away from animal waste as a fuel source as incomes grow, while wood resources are limited by deforestation concerns. In addition, even with a planned tripling of hydro capacity in the period from 2000 to 2020, the share of hydro in total electricity generation will fall. In addition, the environmental consequences of such an expansion will have to be carefully monitored as will overall costs as most of the expansion in the period to 2010 is expected to come from smallscale hydro projects, which are often linked to irrigation projects. However, the DSI (the government agency responsible for managing the country's water resources) has estimated that the Southeastern Anatolia Project (GAP), a combination of hydropower plants and irrigation systems, has benefits that outweigh costs by a factor of over three to one [49] .
A new renewable energy policy is being developed by the government. The principal focus will be the development of renewable sources of electricity production. The regulations governing the new transmission company require it to give absolute priority to renewable energy in the priority system for the connection of the generation facilities to the grid. In addition, retail licensees are obliged to purchase all renewable energy output but only when the price offered by the renewable energy supplier is at or below the public wholesale price of electricity and when an alternative supply of renewable electricity is not available at a lower price. Such a policy limits the extent of the subsidies to the renewable production to the costs of providing backup capacity for what is, often, an intermittent supply of electricity [78] [79] [80] .
Air pollution
In Turkey, air pollution is a serious problem that has only recently come to the centre of policy concerns. The social and economic costs of air pollution in Turkey are likely to be large. The latest OECD environmental performance review estimated that excessive SO 2 emissions in the early 1990s might have increased mortality by over 3 000 deaths and restricted activity days by almost 7 million each year [43] . A start has been made in this area but the main issue for the authorities is to implement effective policies to address air pollution in a way that ensures a combination of minimum costs and maximum benefits [41, 43, 74, 77, 80] .
Emissions of CO 2 , SO 2 and NO x have increased over the 1980s (Table 8 ) both in absolute terms and relative to GDP. Turkey is the only OECD country were the intensity of emissions of NO 2 rose in this period, while it was one of only two countries that experienced an increase in SO 2 emission intensity. By the late 1990s, emissions of SO 2 in relation to GDP were double the OECD average, reflecting the heavy share of high-sulfur lignite in power generation and poor quality liquid fuels. Since the end of the 1990s, natural gas usage has been rising rapidly and this has helped concentrations of SO 2 to decline markedly in some of the major urban areas, such as Ankara, Izmir and Istanbul, but they still remain at levels that are double those found on the average in OECD metropolitan areas. Concentrations in the rest of the country, as measured by a simple average of all monitoring stations, are some 75% higher than in the three metropolitan areas. In addition there has been little downward movement in the estimated concentrations of lead in the air, but levels in Turkey are low compared to those found in a number of European countries [41] [42] [43] [74] [75] [76] .
The government introduced air quality legislation in 1986. This law set limits on the emissions of SO 2 , NO 2 and particulate matter from newly constructed power plants. By comparison to European Union (EU) standards, which Turkey aspires to meet, the level of the emission limits in Turkey are substantially above those in force for plants in the European Union that are currently being licensed. For plants that will be licensed from 2003 onwards, the differential in emission limits between Turkey and the EU varies between a factor of 2 and 10 for different fuels and pollutants. Of more concern, almost two-thirds of the installed capacity has no de-sulphurisation equipment installed, as it was built before the current regulations came into effect in 1986. In these plants, established in 1986, comprise permissible short and long term concentrations for four types of air pollutants. The national standards allow somewhat higher concentrations in industrial regions and considerably exceed the recommended air quality standards advocated by the World Health Organization (WHO).
Pollution from motor vehicles has been accentuated by the slowness with which fuel quality has been improved. Diesel and gasoline fuels have had high sulfur content. Until April 2004, distribution companies were required to buy at least 60% of oil products from domestic refineries [41, 42] and the previously state-owned refining company was slow in making the investment to upgrade facilities both to reduce sulfur and lead content of fuel. But the investment program for sulfur and lead abatement has accelerated and it should be completed by 2007. In 2007 the usage of unleaded gasoline will be obligatory. The diffusion of catalytic converters has been slow, with only 42% of the fleet equipped in 2003. Fleet renewal has been hindered by the level of special consumption tax on cars that ranges between 25 and 75%, with the higher tax rate on larger cars but, in November 2003, a tax incentive was introduced for the replacement of cars more than 20 years old by new vehicles using unleaded petrol.
Sustainable Use of Natural Resources
Climatic and geographical conditions already place considerable pressures on Turkey's water and land resources. These are likely to intensify in the future with continued rapid economic development. The main issues in the sustainable use of natural resources is to establish framework conditions that ensure that water and land resources are managed in a way that is compatible with rising economic activity and living standards [45, 48] .
Although it has been growing at a rapid rate over the past two decades, water consumption as a share of total freshwater resources is relatively modest in Turkey at around 17% of available resources. However, as in other countries, the national aggregate masks considerable regional variations in terms of the pressure on surface and ground water resources. Agriculture is the most intensive user of freshwater, accounting for three-quarter of all withdrawals. Over-abstraction from various aquifers is a problem in regions where it is an important water source, particularly in the Mediterranean region. In some cases this has also contributed to problems of salinisation and salt water intrusion, which can irreversibly damage land. Further pressure on the land comes from soil erosion, which affects four-fifths of the land, mainly a result of excessive deforestation and poor farming practices on land that is highly susceptible to erosion [41, 45, 46, 48] .
Water rights are vested with the state according to the 1982 Constitution. Unless otherwise specified, groundwater extraction from a depth of greater than 10 meters requires a license. Allowances to extract water cannot be traded. For surface water, only major users, such a hydro-power and thermal power stations, require permission to extract water. There is no specific ordering of extraction rights in Turkish law, nor is there an overall register of water rights. This situation has lead to conflicts between existing users in the same water basin that the traditional customary rules and regulations are unable to cope with, leaving excessive claims on available water [44] [45] [46] .
Water pricing policy for irrigation requires that the tariff covers operation and maintenance costs, but not the full capital costs. However, the operational costs tend to be inflated due to high losses through leakages in distribution network and inefficiencies that have been built up over time. In the mid-1990s, receipts of government-operated irrigation systems only covered around two-fifths of operation and maintenance costs, though given the two year delay in collecting payments, and the high rate of inflation, the real cost recovery level was much lower. In response to these financial problems, the government transferred the management and operation, but not the ownership, of irrigation systems to local organizations. By 2004, the government had transferred 90% of existing irrigation schemes to such groups and they were raising revenues equivalent to around 70% of costs [48] .
CONCLUSIONS
Turkey, with its young population and growing energy demand per person, its fast growing urbanization, and its economic development, has been one of the fast growing power markets of the world for the last two decades. It is expected that the demand for electric energy in Turkey will be 300 billion kWh by the year 2010 and 580 billion kWh by the year 2020. Turkey is heavily dependent on expensive imported energy resources that place a big burden on the economy and air pollution is becoming a great environmental concern in the country. In this regard, renewable energy resources appear to be the one of the most efficient and effective solutions for clean and sustainable energy development in Turkey [41] [42] [43] .
Energy access for all will require making available basic and affordable energy services using a range of energy resources and innovative conversion technologies while minimizing GHG emissions, adverse effects on human health, and other local and regional environmental impacts in the country. To accomplish this would require governments, the global energy industry and society as a whole to collaborate on an unprecedented scale. The method used to achieve optimum integration of energy sustainability with more efficient energy systems should be made. Wide range of energy sources and carriers that provide energy services as a sustainable manner need to offer long-term security of supply, be affordable and have minimal impact on the environment.
Renewable energy supply in Turkey is dominated by hydropower and biomass, but environmental and scarcity-of-supply concerns have led to a decline in biomass use, mainly for residential heating. As a contributor of air pollution and deforestation, the share of biomass in the renewable energy share is expected to decrease with the expansion of other renewable energy sources such as solar and wind. On the whole, Turkey has substantial reserves of renewable energy sources, including approximately 1% of the total world hydropower potential. There is also significant potential for wind power development. Turkey's geothermal potential ranks seventh worldwide, but only a small portion is considered to be economically feasible. On the other hand, renewable energy sources exception of large hydro are widely dispersed compared with fossil fuels, which are concentrated at individual locations and require distribution. Hence, renewable energy must either be used in a distributed manner or concentrated to meet the higher energy demands of cities and industries. 
